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f'j iu a petibd in which we Are astablianing many
‘_,ve @rae#ases. ;hﬁsa procasae& may lead to Varigus

,ngee w our hoa.‘.lit;n, eausea ty the abserption af radisactive

X

nmazarzela‘ﬁigh a ;aagthdlf 1ife, which- were &escrzbed in other
”fxizaunntrinﬁ 1u previﬁﬁs years. Further, the Teet thet we are a

v?uraniumwgrqﬁncing eountrj, and the,pnsalbility‘or uuﬁlng uge



: jawboﬁa, which rebamblﬁd phos"noﬁic aecraals in persons @~
f;gplayaﬁ in ﬁha pgintin@ o; num@rrls with laxineaoen* naint wes
‘:in faet’ fﬁrmaé by the errac* of radlosctive materials introduced

r?lintg_tho-ﬁcatb. Epon extraction of & tootkh, theuQAﬁbdﬁG ald not
“ﬁ'tha first sirns of poleoning by r$dLam

?Vmanurautufb of lﬁwineaoent macernls, was eonciselw stebted in

j;martlaﬁﬁ.a wark la 1929, 4} x» is %aacd primarily on his exper-
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oeal, &n&-ln ﬁhe cages wrltten un loter tids symptonr weeg one of

fna prOblem of indus“rial “Oi&ﬁuibr, o8y eci&lly in tie

isnee with aﬂaea fraa 2 cert&in faeterv in Tew uefsey, where the

manufaetuning procesv inoludsd tte pelnting of lumiuaacent mui

@ralg on watches aqu variaaﬂ argan&tua. in ti=t f&atory, during

the »eﬂrc 1F1?—1Q2&, ataut £330 gizlb or. Lhe avercpe worked in

‘this prc&ueﬁiﬁu« é&togatAeP duriﬁg'bbis paniod there ware atrout

800 amwloyeﬁ 17 tie wJﬂPahcya of this Tsehury. Amonp theae

- girls %here were f&fta@n ¢eﬁas of dasth suspested Lo bte frow

5oiscnlng by radivu, and in five other onses poiﬁoﬂiﬂr Ly radinw
wag shown to Le the cszuse of death. ikany other cesesm may have
@soaﬁeﬁ ahaerv&tinn becauge the disd slgewhere and werse dlagnnasd
difterantlg. S

Thellamlnééoent raint used wea comrosed of zine sulfide
with a,@igture'bf‘r&aiui, cogotboriyn and radlothorius in smount
sufficion# tb’pravia@ satiafrctory lusinegscenee., 7The lumineacent
baint wﬂs rr&pered 1n gueh: & woy that paall gqueantities of cods-

mium, aaﬂpar ang- m&na&n sa were addsd to the repsatedly scorcied

. zine auliiﬁo«to 1mprmv9 lusivescence. To this wixture was added

& solution of rediocactive selis which then were -~recipitated out
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88 updiesolvsd sulfates. Tha color w s suspended in & golution
of aeaclc gum and dilluted with dilgtilled weter, The worker
ther. coplied the palnt to tiwe numerals with 2 trush which they
ere sccustored to sharien belwesn thalr lics to ovtoln Letlter
regulte In ihsir work., #Hartland eetl: zd thoet on eszloyee
swallcwéd veekly iror 15 to 215 gawsas of radlocctive matsrislie.
The first deaths cawe in the years 1622, 1927 and 1924,
Klee of the plrl workers dled after & neriad of work in the
faectory. They 211 died whlle tolng cered for &4 borne, with {ihope
diagmaaaa}(posthumoue docurents): ulesrative stouctitle, syphe-
ilis; criwery enesia, Vincent's an~ina; oisonlry bv thos loras,
necrosia Qf,%héfjawbana; industrisl soisoning of undesienntsd
tyre, aecr05ls of the Jawbone:; sne-la, neerosis of the Javbone,
ete, Ihe cor.se of one of tie workers wog cxhuned five veers
later acd bigh radioscilvity wae found in the boierg,
Clindeally cartlend dlstippmishol two types of enses, fulw
m;n&mﬁ and chwonle. The fulnloant typre lg charectorized by
gevere leuco:enls, necrosgle of one ar koth Jawbones, wiih beech-
matlike leslons and often tervinel sopsla. The flret BYIOL 0N §
ayneared frov ong to seven yesars after dlseontinulng the work
of peintlng nuwerals. Tie sutbor unfortunstaly 314 not atote
how long ithe exjpogure wes for theee woisn. Accopding to ivans 7)
thile tyre manifecte 14+l In vivsous tevins ton to one hundred
gromae of radiur in the tody, 2nd grenlz than anpsars in the
coursa of & few yenrec.
sartlard cusepveld the chronle tyoe for too short & tiue

and tnerefore Jdecided that necrosis of the jowlone is not the

bt -Tw“”“ﬁ?”{}i".’"{
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cherseteristic symptos. Por tte same reason he did ot ohLsgervs
ohanges in the rlood. syens T) in hig work in 1934 supplezsnted
vartland's stete.snt in ﬁhia genge, that in these later cascss he
‘aftan coées upon ehanges in the vlood, reporting ln 8@ few oLpes
gepainal necrosis of the Jjewbore and the sarcoretona bones. In-
fiamnation of the bone had already zenifested 14861 previously
tn various parte of tte body . The eontent of racium in the body
in tnese caaeé varisd tetween one and ten pesmes abpolutely,
and the syanrtons of &}seaae a;peared in teu 0 {4 ftesn yaare.
This soows thet it 1s neceassiry ip these sasce to supplement
superficlal clinienl end hesetolopleel investipntlons with &
deterrivstlon of the gquantity of abmorted pedlur, vYocauss Wé
connot exrect thet excessive ausntities of gbsorted radlum will
ir tiie be menifested in clinleclly or remetologlenlly 1dentifi-
able disordera. It 1s ~nospitle for ua to stete thet periodlesl
examipstions should resulsrly be sode, thst in the czses of
thane workers acie change ghold have taen oLservsd, and that

4 pilght toke yeurs after the daipeortinunnce of exsosure befors
the epreerance of therse gyrrione of voigoniay LY radiun, whieh

nep unfortunate proFnosls.
teple 1 siows the distribution of padius ln tre body in

relrtive fipurss, Leken Tro rganal work. Y
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Table I

I 11 ItX
Vertebrce 100 100 10¢C
Jawtone - 51 20
fenur : - 4e 27
Tivie - 30 -
2rull - 16 -
Fib - - 11
Taoty. - - :‘46
Heart 0.5 - C.04
Brein - O.4 -
Stonaeh - - -
Liver 65 .5 0.06
Intestines 2 - -
tpleen Lo C.0 C .05
lungs 17 2.2 0.04
iidvey 0.4 - 0.17

I By intravenous injection
Ii I'ersom who painted nutierels with
luminsscent »aint
ITI MNedlelnal ingesilon of radlum per oe
serecinlly striking ls the relatively bigh econcentratiom
| in the parenchymatous orpens with intrevernous iujection. PFub
ihis covlid not be ch&rmctériatic on account of the meuner of
introdustion; we think petrer that 1t is ocoused by the larve
gingle dose and that death ocecurrsd relsztively soon aftar
Injeetion. The ceees atown under Il ard 11X absorbed rodiuvnm
over a long serled of tlse, snd toe colunws do mot includs the
large r&rt of the redlus thet wos clreulsting, the remminder
beins: deposited in the oner.
Zerger sud Schlundt €) excuwined ten petients to whonm
redicinal redium chloride ind tceen simlulsteped et varlovs

timee. Gtee Table II, pope &.

PN A (u’:)\ﬂ i
(RS
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1L Htouech ulosrs ey o o TS yr. uows

i3 4 Polyartiiritle and ‘ n )
myocerditis 150 70 50 L%y, traca

Iy 4 plug WASSerIANs, . - . .
: yserteusion snd (B D0 G0 wu. 19-33
glrceapuris

¥ | [enentisa rrasgox. 20 en 7 ro.  nons

Y1 enlelitlias of the
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ltia 1ag 1t 240 5 oyr. wous
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Columet I Aa glven Lor op R
i I1  bm eiven intravencuealy iy
{1 9atel Ba plvon #p ‘
1¥  Tise slince lsteot Lre-toeut
¥ Ye pezaining In orgenlsi @g

A

ﬁatient I recaelved raciuy for & period of 2,5 yesrg, .otient
Ii fTer & yeur; cetient IIL four o yeer, istleat LV Tor o jyaur,
iatient V for thrce zouths, retient vI Ior four .antiyg, | unblent
Vil f@é theao ysere, ratlest VIID for three yeers, Daklenl e
for lhreg years, sabfent X for wue rerr. Megaltive veiaass showd

in the oolwns of Tabls 1T evn Yo gorzilersd ae duse Lo too Aiiile

i3

of tie method used. (Irenglstor's notor Yo uepulive veluss
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winible.) Bﬁt this table demongtrataa.how arall ie the pepr=

contage of rediue thet is reteined in the body, esreclally when

taken oréily. Evaaqls) rhinks that 60 te 93% of redius iotro-

duce? into the organles ls releassd agsin, of thlsg sbout 0%

by stool iﬁ& 10% by urine, Xot to distingulsb the why of &d-

missiaﬁ»is ecertalnly incorrect, an ls ahown;by Table 1T, Radiusz
- injected into 8 vein le retzlned to a grecter extent thon radius

entering the body by the digestive tract. It is evident ibat

“gubstantiallﬁ pore radius is rotuined in the resuirstory part

then in the digestive trect.

. The "medicinal” aduinistering ot radiuzs, whether per os or

by injection, today hue ne sigrificance. Lut certeinly groups

of our vorkers are eltiher in fact or potentiuliy sridongered.
Iike ths working women who palnted nﬁzerals with luzinescent
railnte, so too are recizchenists and of coursge miners in urariux
mip@s, of whom 1t ¢an be expectsd that tiey inhale r&&loaotive
dust at thelir wcrk, 80 that = a&naaraua saount of radilus accu~
malgtes in thelr bodlesn.

Howev&rvwe do rot Inow what to conslicr & dengerous dose
of pediuz in the body. Aub and Evane 7) exurinod meven workers
who had Tetween 0,02 and 0.5 gammas ataplute of pradiur in trelir
bodies but who Ald not nave gyuptozs of ehronlc rwolsoning by
radiun even after a veried of seven to twenity-five yeare. Cu
the 0thér hend, Martland found fetel casss wlih 8 gontent of
1.2 to 2.0 ataolute gmgm&s. On the bagic of trhese revsuprernsnta

& cope of C.1 gossas sbsolute of rodlum in the entlre body wes

-~
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estallighed in 1941 (Notlonel Bureau of Ptenterds) ss the sofe
- 1limit of tolersnee. e 4O not Xvow, of course, whetler thet
~dose is indlsputally safe. Certalrply tre austsr of orses
obasrved,; of which lvane sreews, 1& %oo smnll &.d the ohserva-
éiana oo trief for us to be eble to decide on ite gefety of
- this limit., Purtbermore, thot these veoyle were not stricken
with the &1&3310&1 form of uolsoning by redius Jdose not orove
thet thélr reelstance Lo infectlion wog not lovwered, and that
it is altogettiar safe to Be the beorer of £.,10 garoes of racdlaw
It ie thsre;pre up‘to our offorts, by sultable :racticalble
,hygienic"wbrklng arprangesents, and by lustrvetion of all wortera
regarding tie denger 1n handling redlosctive istorlsls, to limlt
Voxgosure of the workers to tho minimum. For sketches of sefe
working arrevzevente in.tie reinting of nuzcrale see T) ard €).
Wa have algo conaerned purselves from thle viewpoint with
tﬁa qpyree to whlch winerg # 2 in /»n 30 ln wranlvg mines, os
well 28 Cersone who bave over 8 perlod of sany years had exomurse
to lrueteurably accusul-ted pailu.s 4a t'e body. In enntrast with
Kartland's oases, where the malm place of sdiuigsion wes the
u~digaet1va troct, but where the ree: Aretory traet connot be
ell slnated 2e & pomsible lace of entry, in winerz the ros-ipe
:atary traot is indlceted on the entrence nolnt for rediosactive
dust. Perhape this cifference osn exrlain the 3ifferin: clinlesl
. forus. We will not spend our tinme on the quesiion of tho rrovity
of thils diseese nor on the clinicsl for.. Sor farther infor:-

ation see 9) to 11).

*_ Approved For Release 2008/11/07 : CIA-RDP80-00926A008400830001-2
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Behounekx end Fort 12) uessured the sctivity and extent of
radius in the lunuce and enlns of ten affecies wlvers snd the
sotivity and extent of radius in the lunge of eiever ndditional
miners. rromn bie reeults of thess rmesaurescnts the authors

concluded that in the orleir and develo ment of allients in

Jachymov the disversing radiaticn le iphaled exeovstlon, wrore
long-lived redistion of Jdorozited radioactlie seterisis ia not
enougi: Lo explein the allment. what we #lll & ow, on the besls
of our respurements on 1living siners aiter long yeurs ol oz o8-
ure, ls- tiat tre total esocurt of redlw. intpaduced inbvo e

body ia not enoungh for it to be 2 vulid etizlorical factor in

4 ' "'/A
the ordigin of tiue dlsexpe iln Jaciyuwov.

Leterzinlug radlum in tha Lody:

3o can ghow this Ly several weang.

1. kgzaursgent of peawe radletlion of dlsiuvispration

praducts of rpaciun in the body {(rediuvy & and pediu )

2, Foanguremeri of radoun in exialad zir

3.. Eshimatiog of radlus in the urlne snd sinols

This le:t 2ethold le nob aceestnily for estrkllsiineg the
guantlty of abaorbed padls. ir {te Loly heesuse ths radlu:
elirzinated in the urine and stoole delends muei: uron the atoolute
guantity of redium In the body, bub =180 on tie foras into which
1t 12 ¢oavined in the tody. Less p2ilus derosltizd in the Tonss
is eliniunatled Axn urive eud egtodls trirn leg pradluws terrororily

de~coited in otier peddons. Ugon Lhe introduction of radiu

Approved For Release 2008/11/07 : CIA-RDP80-00926A008400830001-2
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“into the body, whether into tie resciretory or Sigostive rortr,
4t will be elizimsted ic o zrest degree in & short tive, it
over o long seriod of sisorgtlon of rediuz B srastepr aourt
will be de ceited in tle bones and lts eliiinaiion will tizre-~
fore be asubatantielly reduced, Eaesuso there s 10 soeeibllity
of &ccuratély getatlishing the dletribution of rrdlur lu the
body in vive, we ecanmot judge {ron the atount cf rediva in the
urine or stools the entirs zmount of derositod rudiue.

The reasuresant of goows rodlation ls the olfcat wmakhad
of Gstermining abeorbed rellu: in exroeed workers, fehlundi,
Bayker and linm 17) wede meaguresents with a ~uertys tursad
electroweter sud were rble to Tind five ganans abadlute of rediur
in the wody. Ives, Inowles and Tritten 14) worked witb & dovble-~
thresded wult slectrouster placed st & takle at which exsilineas
were geated, They xe&sufe&.;ﬁxma rediction wilk 2z epror of
tlus or ﬁimua stout 0.3 peumss. the slenlute susntity of radlws
in the body 4pleh toery ¢ovla narrFure eio0 varied 1y whole gennes,
Berker nnd Jchlund €) used tihe Lulf-less electrodcier, ith use
of' the Colger-kliller couator (ve sensltlvity of noesiresont of
grona radletlon was inersssed, and preaten tnd Lailleh 15 could
find a Goee of (.25 premas of rodiux. imt witb tneensitlive
apparatus 1t ig poeslble, &5 less end MITL siowed in 1247 1€),
ta'ahaw the minlaal doge of C.OH ghim&s.

The most ordiperily wessed saethe? fop ithe estimatlan of
gbunrbed rodium ia bascd on the estiuatlon of redom in extalod

alr. It ls known thet radiws breaks down into r:zdou and then
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further into radlux A, kadium B, radlum ¢ and so forth as far
ag radiuc G which is ﬁ stable unresctive 1sotore of lead,

Cne graw of radlux vroduces per sacond 2.097 x 10"6 curies
of radon. We aee frow the work of Lvans 17) thet about 454 of
_ the redon ortginating in the body by the disintegretion of padiuwm
goes inteo the exheled treath, wheress 557 of radon thuas oprigin-
‘ating 1s broken down irto rore stetle dislntegration products
before it e éxh&ledﬂby the lungs,

On this tasis 1t ic ocessible to Judge from the concentration
of radon in the erxhaled breath the content of redlun deroslted
in the tody. Ireviously written works like ivans 17}, lves 14)
| and Barker 6), bacsed on thig nrinelle, save reaults thet vere
re;roducible to only & relatively poor degree. This wag dus
partly to the rather low sensltivity of tre arphrnstus--they used
an fonization chaiber and an elcoLroretep--and e furtter cource
of error wes dlsrsgerd of the mnormal content of rafon in the
atxogrhore 1n the lshoratory, ani raturally teking a easple of
oxhalé% breath under théae gonditions is ncé acoceptable. FHarley,
ing that, in the tsking of the sswple of exheled tresth, the
persons belng exa:iined breathed eir frou & cylinder that hed
‘been stored for & few weexs, 80 that the racdon originally con-
'talnedvin the alr ted lived itim 1ife and the exanirsees therefore
irhbaled alr free of redon. In this came the exhaled alr econteined
rédon originating from the dlsintegration of radiuc in the tody.

Measuresent was carrisd out in an ionigation clazber with en

Approved For Release 2008/11/07 : CIA-RDP80-00926A008400830001-2
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-14 ourlies

1m;u159 counter, gnd they found 2 gonsentration of 107
of raﬁoa.ger 11ter‘ofvexbaler air, whigh corrssronds to 0.001
/&Lgammaa of radiuz in the body.
The authors, in thelr new wore in 19%1 a1ée net aliﬂinate
- errors ariuinc frow ecareless tukirg of t,w sample of sexhaled
broath, aad thﬁra!ore ‘slpnificent errors oeour also in 1%,
In wcrking out our ‘method of msaeurament we heve hed two
: uﬁgconaiﬁerationa, to remove the defioiencles of the #ethols used
: yrevioualy and to seke these measuresents wlth apperatus whieh
wega at our diewoeal. Originelly we wanted to work, likxe harley
eto. 18}, with an lonizatlon chacter snd an impalss ecounter. e
got thie équiw rent, however, only gt the end of 1952, and up to
now it nas not satisfieé our recuiremente for sensitiviiy and
vaccuraﬁy. 4@ hsve for thles reason worked with an Isrsel euano-
'matur, wade LY. tﬁa gtete Qauialagical inptitute in Frague, AR
the sansittvlty nf t%ls apparatus is not suffielent for finding
ppall quant&tiaa of rndon, with whieh 1% is necesaary to begin
in ihe measurenant of versons exposed to d&ngeroua ehgorstion
of radiun, we concentrate rsdon frow the larger voluzs of exhaled
aixr by eon&ansation with liguid air.
The lsrael enenoreter unad bty us is wade vy of two evllin-
aricel bress cunzbeps of the game slze (1&51&@ dinreter 2r is
30 em, 1naire helght v 1s 30 em) with o volune of 21,200 cx3
;nﬁo the sevarnl chambere, w*lchAnreviouely were evacuated, was
let air aantalnina esanationa, the effectz of alrhe warticles

arigineting froam the Lreakdown of raﬁon, lonizing the alr in

 bivois M aa.L
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the chamber. With a voltage of 240 V between the collecting
Léolootrcde and the jacket of the chaxber ar ionized cherge
' colleete in the electrode and in ine Jacket of & condenser of
known size (C I 11.1 plus or minus O.14 eri), which is coupled
with & single~thread ¢lectroneter, The srowth of potentisl V
o in aondbnaer C wo cen compensatie for by voliaze V from an auxile
“1ary souree and we can measure the arount of this conT.ensc tory

- voltaze with an accurete voltueter.

Thé princlplq of the nesspuremaent:
Tﬁe aipha particle of disintegrating rodon loniges the atr

~ in the ghamber. Under high enough voltsce betwsen the Jacket

ol the chasber and the collecting slectrode & eompletely lonized
~charge 1s eollecied in the elecirods and in the condenser of

capacity €} a paturated current flows from the éh&wber. The

uwagnitude of ¢his current indicetes the content of emenation

in the chamber, If we see thot the quantity 1 C of rsdon unro-

ducea~1mnlzed}eurrent % of absclute elsectroststic uniﬁs, then

the measured current 1 indlcates tl.at tis auount of eusnetion

in the chexber is:v

Ep * - (1)

8 1g the squivelent in current; current i 1g glven by the

equation:

300 b

UHELASSIFIED

“
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G.?vc;paeity of the condenser in centimeﬁara, ¥ is the
5row;h\bf ehérg§ in volte in condenser C ir; 2 period of ¢
aeocnés.

If we aubatitute in equation (1) frow equatian (2) we get:

*'=:~‘.; (2}
“ ‘ Ot 8

In vievw of the netural jause of tice in the chasber, we

write for t,-vg'vﬁ +  thus:
t' - %

L ‘-t}. C’lol (:5)
o -%T'* ) %00 )

Because raden bresks down into further productws, radlum A,
*raaium £, redius C, the current eguivelert S sozetiumes inoreeses,
the vgluexs for the single tiuwe T fron the tegloning 18 f11led
in tke teklss. Finelly the proportions of tie jonized ohenber
hafa the effect tbat geveprnl alrhs partlcles sirike the wall
vefore they osn nhlft 211l their enersy into iorlzﬁ*ian. Ve
seepure then less fonization current 1 than would eorregoond 1o
the full use of 21l the alpha particles. Tor the eylindrioal
tondzatlon chawber thare has been eupirioslly estisated the

relation whigh Tor our tonization chexber hes thic fopmt
1' = & .} < (1 - G572 31 = 088808 (&) j
' r

where & = C.8686 is the oorrection for the gize and form of
the cheaber.,

In view of the narkedly eiemeﬂtary recosbiratory capaclty
of ions originating frow ionigation by elrba partlcles, ené in

view of the héterogenaous dispersion qf_electrioﬂl fields in

SR
o nas vggible 1n copy h“uiﬂd&ﬁiLd
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Pracovnl (15)
the ionlzaetisn chacber, in determining the voltage in the lon-
ization charber the ourrent doee not have to be z satursted
current. Therefors ihere was intrcduced inte tie equation a‘
ecorrectlon factor in gaturation ¢, @itich we detercine for the
estobllatment of meesured curreunt 1 fror a grast,

The congentrztion of redon iu tre pergured esuple of «lr
18 then given Ly sn egustion w!ick -roceeds from aeguation (4),
suvnlenenting with slagle coprection factors:
= L ) ]
Rﬁ %_r_*_’__%.t.n. l{f‘i.(lplusﬁﬁ) (5)

vhere t' = tiec periocd of ti-e during wiich the thread reassures
{
n-units of work in mecsuring nstursl time loose:

the period of time during which the thread zeasures

-4
"

a unite of work, if the chanber ls fllled with alr
containing emenations

P = ¢ .,V = C.037 . ¥ = sensitivity to the charge

A ————

250n 1

n * nuvtter of nurtas in the sezle

{2
]

curreat equlvzlert for the period of T minutes
a ®» (0, 00%56 correction for the size and form of the
chanber

¢ = correction for scitursilon

Triel of the arparatus.
A ooznaretive messuresent wen carried out, The pome sarple

of radon was xezsured by electrousster with a swell lonization

# not visitle in copy
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‘Precovni {16)

'?éh:l.mhbk, ‘ohlibpated by the Cneologicel Institute, and secsursd
1;4! % 10 lc:ﬁﬁ}ieb/liter, and then by our apparatus eund wes
measurod.ta be 1. 40 x 1& 10 curles/liter. |

Furthar,-s aMall eoncentration of redon wuse m@aaured undsr
'xaboratary caﬁéltions and et one atmosphere in & Farl hox. The
rodon wasa conoqﬁtrated from a few hundred liters of sip { 500-800
‘iiters) condensed’ into }1quid‘air. The zessured congentration
agrbéd withwfhmﬁ'given in the llterature.

| Concextratious xbnnd in the laborstory on various days:
5.9 x 1Q'13 ouriss of radon 1n one liter of air
1.7 x 10713 | " |
7~9 x 10"14
.3 x 10'14,‘{‘ |

In the Karl bpx thenrs was aaﬂsured T.2 x 10 1“ curies in
 ¢n9 liter of air.’

The raaan cantent.waa further teeted in alr withirawn fram ,
Gnaflinﬁap of corprasaoé,air which wa s kept in stora;e about
. three weoks, 1,000 1;tera,exka1r were concentrated and no radon
| fvuaa~£annd | | .

7 Ag & rurthar tep~ue aet about meseuring the aunntity of

xabnarbed radiuw in unaxpeaad peraona end then in exooaed Peracns .«

!

xraeednre of the axperimeat B

. Flaunad arrangpmant nr tbe exwarxnert - £89 skutch. The.
T:examineaa tretthed tarou&h a.maak proviced witn intake end output
venta air fgea ot radsn from a beg £illsd frow & cylinder &t

};oaat three wegks old. . Betwoen the cylinder and the bag a gos

3; Approved For Release 2008/1 1/07 CIA RDP8O 00926A008400830001 -2
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Sketceh of arrangeuent of the exveriment:, Frecomt A7)

Cylinder of air

1.

2. CUee regulator

Je Inhelation bag

4. Gos magk !
5. Exhalation bag

6. water cooler

7. Splral ehilleda by ice

B. Cooled by solia co ~
9. U-tube ohilled by ?ce

10. U=~-tube ehilled by solid ©co

11, “Tube contalining gode-1lre

12, Tubde contalning calciux ehlopride

12. Flesk conteinitig shoad

o o_1 s =R DL 2AQ8LODn s 2t 2
14, CGopper spirnt IOTHS Pentoxide
15. TLeward vessel with liquid atp
16. To air purmp ) )

17. 1Isreel ecenomater

P T r ek

Gibioaind
. = - : ; '
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Precovnl (18)
repulator ws§ inetailed. For about ten minutes the examinees
inhaled eir free of radon and exhaled freely into the laboratory
atmosntere. In that tice they breathed swsy redon held in the
body whtich reesults, not fros the breskdown of radlum densoslted
in the vody, Lut fros &n sguilibrian betwsen concentrations of
rediur in the external environment {in the lnboretory) and c¢oun~
centraticrns in body flulds and tlseuss. By this tlme we could
agsume t&at prectioally all the radon exhaled doesg not coxe froa
outnide environment but is produced directly in the body fron &
deposlt of rediuz, 2@3) We connect Lhe exbalatlon vents of the

' maeks to an exhalatlion bas. Trom this bag we [ump ausy the alp
by meens of an eir pump through & system of arrangesents for
riddirg tre sir of molature and carbonle acld end through a
spirel tubing immersed in llguid ale, in wblch we condenss the
radon. Drying the eir snd ridding 1t of carbonle acld is done
a8 fallows:. ¥e firet of all ocorduct it through & witer eooler,
then through 2 epirsl copper tubing crilled by Los, then through
a palr of U-tubogiiémersed in iece, iLhen e péir of U-tubes Y=
zersed in solld €Oy, then tubes conteinlag lime-sode anéd calcluu
chloride, arrenged in such a way thet they can be changed without
interrupting the expsrirent, ard of gourse we c¢onduct the air
througn a vessel over phorphorus rentoxice. From this vegsel

.:air cogee off that ie sufflciently dry end free of errbonie aold
g0 that coeling in the teuverszture of liquid elir does not precip-
1tate water and oorbvonic #oid. Thie is very lmyortsut hecause 1t

would be inadvisgadle for the preraration in the crilled splral to

. .
4 HITY
g

boicii ol ML
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iracovnl (19)
be frozeu by the 1iguld elr. e messure the gpeed of suction
with this systen Ly xeans of &xn attzened flow aeter.

e allow the exeminees to bresthe for siout one hundred
@irates and zake & note of tihe exact period of tlime. In the
course of ithlg period of Llie vwe v2agure tie free vath of the
lonizatiorn cuexlere which were evacusted snd rililed with alp

o Tree of rodon, with alr brought througb éry celelus chloride
and rrée from love of water glues, e Lake 19 (o 20 mesgurenents
cf‘th@;avwrage.value of t' (free path;.

In mespurlig the free path and in ecurlstlng ihe experiment

on the exanminces, we couple tie splprsei wilkh coudensad radon Lo

the evreouoted chazber and et normal teupersturs -uwp the radon
into the che:ber. The spiral having w&fxeﬁ up Lowerd normal roonm
texperaturs, we wash it with 2lr free of radon and rump this alr
into the chawber. After & time, not more then Lelfl en hour, we
bag}n'with the weoasurexcnt with wileh we estallish the tiwe t.
Upon ocompletion of the cessurenent we resove the suanctions frow
te ioniaatioﬁ clhionber Ly neong of revested evacuetlion and wagh-
ing with alr free of rodon. wWe again estsbllebed frow twenty
messursnents the average value of free peth, 4. Ey addlng the'
value t' (the everape of ti and té) axd t, sud sensitivity of
the sharge t to the squation %) we estrllish the aquantlity of
radeon in curlee in the exhaled alr. Tie cusantity corresronds,

‘as.haa beer. seid rreviouely, to 457 of tha radon produced'by
radiun de;osited in the body. Ey couverting thie to 100%,

. , dilvided by the entire tize of breethiug 1n seconds, and divided

by the valus 2,007 x 10'6 {(the corresronéing cusntity of radon

. Approved For Release 2008/11/07 : CIA-RDP80-00926A008400830001-2 ...
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Trecovnl (20]
in curies produced by one gram of radlur rer sseind, we errlve
at the quantity of radlum decoslted iluv the Yody, ir greoc.

£

o

This method of wesmsupresent his been ussd on o grour
t

unexgosed sersovse, sore of wiow were iefsured twiecs, 827e three

times; ve eglow tte resgulte in Isble III.

=3

Yeraon Husber of »casureienis segulis in “a_ansalute

i 1 0
B 1 0 g
¢ # 4,8 x 1073
Ted w10 7
haed x 1072
7.0 x 10’3
z 3 7.2 x 1077
2,0 % 107~
T 2 7.0 x 1079
2.1 ¥ 1079
T 1 4.5 x 10“2
H 1 L,n x 1077
CH 1 4,7 x 1079
I 1 0

We see thet 1n s8luost all persons axzalned there were found
varyiug axounts of abeorved rocdius In thousendtrs of prouac,

We have found in the litersture two worke coucerned with
the weasuresant of derosited radlus in unexrosed persors. There
is the work of Krebg frox the Instltute of .rofessor ajewekl
in 194% 19} and tte work of Hureh sznd Cetes in 1950 20}. boihb
autbor:, Xrels in Cerwcerny and surseh end Gates In %.ariez,

aetablished the content of radiur in the sebhes of uhexromed

dead. They ground auil sepcrated tie asica, tney watched for &
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- atﬁié éf’gaﬁliibriugbané then astabliahed'the‘content of radium
feaanomatrlaally. Yeble 3a gives the reaulbs‘pt Kreba, fursh

o .and our own,

Xable Illa

MIRER  esgurements . _imoumt gl
,x}sba ‘""_'f. I L 13.86 X 10“9‘5' £ 10.0
Bureh eto, - . 25 | 0.159 x 1079 g & 0.115
MB1ter: otc.t 16 4,55 x 1079 g kL BLST

! ﬂ\qu;t&Ela éhawh_ua thet Xrebs obtained resulte from his
 &&£¢§131 ébﬁut’two‘aegrees nighar‘than Hursh‘rrbm his American'
\ﬁatariai. To repeat both avthores worked wlth the sehsg of
uﬁ&zpqzed%agcaaaed persons using slrilar methods. Our reaults

, w@t&"iﬁé 1iving unexposed are statlstically silgnificently higher
.tﬁ&ﬁ the Ameriqan fipures an&‘eignirioantly lover then thefaﬂrman.
It ie?ms‘tb us almost verieimilar that these dlffersnces are due

_to different geologlesl atructures of the regions in which these
pe;qonsiﬁhc were exemined lived. It would of course be necessafy
to suyHort nhzs h}pothesis with knowledge and comperstive work
with the wetere of thoge reglons. ¥%We should algb be sbls to
stndy ths redium eantent of tke foods in those aresns, Pecause
from the work of ivans &nd hie assoclates 21) we Xnow thet some
vplants.ura capsble--it ras often been counted--of concentrating
radium from water up to one hundred tines,

Further 4 radloclenist was then exavlned in whose cass it

wag posslible to presuppose greater exposure, and these values

~. f@&’ﬁﬁED
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wore Tound: 2.8 x 10"8 a

4.7 % 10~8 g
2,5 x 1070 g
Tre mmounts found 1n the examined rajioecleslal wera gulte
nigher then in the group of unexrosed pereons, but this worker
a4id not exceed, accordiung to our measurexents, the waxioal
admission 1.1t of 0.1 griss, slibough thet avount ig sorrosehed,

) A
We Lave furtisr ex:cuined & grour of Jadwyrov wlners, 2ll

witnu long sxposure undergeound. The velues found were:

Talle IV
Patient Nr. 26851/52 '

Age: . 51

axposure: 21 years 1n uraniux mines of which three to
four were &8s & driver ené tizberanen, ths
reseining tire as an ore-erusier, nov
peansioned.

Ciinleel ZAagnosis: Tbe flbroceasosa pulm, atr, Cavi
taria dx. Calear_ossis caleenel bllat,

seeguresentss {2) 7.5 x 10”@ g e abtpolute

1.4 x 107

- Ages LG
ExXposure: 12 yerrs of work underground in uraniuu pines
Clintcal Licgnosle: Eranchigis chror., exphysensd pulf.
ressuresents: (1) 9.5 x 1077 g le sbedlute

Age: 52

LXposura: 14 yecre of work underground ln uraniuk mines

Clinloeal Diepnosis: Bronchitlis coronlcs. Eaphysetss
pvulsonair . -9

sensurements: (1) 6.8 x 10 7 g Re absolute

Patient Np., 28822/52
Aga: /2

a

J m.ﬁ’ icD
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Pracovni (23)

Exposurs: 14 years of work underground in ureniur nines
Clinicel [lagnosls: DBronchltls chroniea
venguresents: (1) 7.1 x 1079 g Re absolute

. ratlent Np. 28412/92

Age: 45
Egposure: 14 yeers of work underground in uranium mines
Clinteel iispnosls: DBroanchiils carcnlce
vessurerents: {2) 5.9 x 1077 g Ra abaclule
5.6 x 1077 g e absolute

atiant Np, 29960
Age: 23
Zxpogurs!: 35 years of work underground lu uranlun wines
Clinical Liagnosis: Toe fibropa inact. splels pula, sin.
wnphy eens pulmonug.
rpeasureronts: (2) &€.1 x 1077 g Ra absolute
5,5 x 107¢ g Ha abaolute
Yotient Sp. 30254/52
Agst 43
LXTOBUre: 1% years of wopk underground in uraniua nines
Clinleel Dlegnosis: prounckitis chronlea.
Pesgurerenta: (1) 3.2 x 1077 g Ra absolute

Aversge: T.lh x 1079 7 2,7

In three of the last meaguremenis the sescertainrert of
~radon in exholed air vsc wmessured gimultansously in pgeamae with
e Geipgepr-Kliller counter placed berind the exsaines, very cloze

to and persllel with tie s:rine. In these zessurements no
significant difference w2s found between tre velue of the free
cath and our meagurscsnt. The evnaratus made 1ittle distinetlon
Ahatween guch insiynifloent guantitles of gurme redlotlion, es
wo anticlgeztied.

It is interesting to eompere witn toese figures the regults

of tre work of Behourek and Fort 12). These authors found in

FIE B IR o
Lam}i&,m: o ke
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the intzct tigsue of deué ainers 226-534 X 10'14 g Ra in 1 g

- of spine and 2,1-15.0 x 10"14 g "e in 1 g of fresn lung.

If we stars o .t with tiue everege welght of the svine &s
1,300 ¢ and the sverage valus IJ75 x 10714 g Re in 1 g of spive,
we get the value 375 x 1072% x 1,700 = 4.07 x 1072, For the
lungs, using the sasze csloulatlon we arrive 2t the value 0.06
b ¢ qug g apsolute. %we have neglectzd this value., &€ ve suprpose
further that 80% of the raldiur ig devosited in the sgiﬁe, we
arrive at a result of 6.09 x 1679 ¢ @a abdolute in the whole

body. This value agrees well with our raegsults.

iacuselon

A metlhod woe worked out for deteruining the guantity of

abporbed radium in vivo. The xethod we hsve uged excludes tne

deficlencles of form@rly uged sethods, prisarily in taking the
gaiple of exleled breath. jince redon ls rresent in the vhole
quentity of exhieled air (for exeaple, over & 100 wirute period),
an error is avolided which arlses in the teking of sxuell saryples,
nazely that a small sasile of air brexthed for excmple into an
evacuated cvlinder is en undeterzined wlxture of alrp frox thre
miner's reg-lretory tract and elveolar alr. If we essure that
tre alr intaled is free of radsn, the effect of this wixture oi
alveclar alr and alr from the resciratory trict le 8 lowerlug
of the mesgured velues, This would not be esjeclzlly objection-
eble 1f the error wéra eonstant. Lut we caunot assuse thls
beczupe tuere wlll alweys ba retained in the cyllnder sc:e

frections of exhaled air. In our z<tliod Lhls error ig avoldéed
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because we congentrate the radon frox all the exhaled alp. Aleo,
d1fferences 1n the extent of ventilation cémmot dlsgtort our re-
gults, becausse we dld not caloul:ite the content of radon in &
unit of voluse of exhaled alr, but the entire quantity of radon
exhaled in & uult of time. It therefore bocowea & metter of
cosplete indlifferenece whether the cquentity 1s breatisd into one
or two liters of alr. A glven quentitiy of radlus produces in a
anit of tise & guantlty of radon ascordlng to the disintepratlon
gcnstant ( 1 ¢ 0f redium yroduces per second 2.097 % 156 curles
of radon).

The pethod we heve described also wekes it possitle (o
deterrine tihe quantity of absorbed radium with sufflclent senal-
tivity with ecparstus winlch wes et our dlsiostl.

Frox our voint of viaw tte ressultes of our ueszsurement of

Ve
the Jechymov miusrs Wwere auiitse imrortant. They showsd us that

the Jdéhymov winere 4o not arsorh and 4o not retein in the body
substentially aore rediuw thea uoridl unex:osed workers. This
regult 1§ 5t firet slght quite survrising., Dut we rerexter the
worx oY thounek and Fort, whe also d1d not find substantlally
grecter redium contsnt in the lunge and splne of decessed Jechy-
zov siners, ard finally it esn e assuncd--sinee we Qo noi have
vary exact informzation about the technology of work in urarium
sinas--thet t{hey do not directly drill urenium ore, since there

would then be produced 2 pronounced dustinees of long llved

redintion. According to the work of Uehounek and Sentholzer

22), the Kind of rocz thzt lles nesr ureanlux veins does not
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Fracovnl (26)
have sepecislly hklgh activity. This foot may explain our finding,

2ut tihls finding tes even ore sericus consesuences. It

‘1s lmpossible to show clther uranius or redluwm as the etiologienl

fector of Line Jd&hymov silmert, It will e neceesyry to thini
first of &ll ef redon or of shopt-lived descslie of &isintesration
produecie of pradon orn lusctive fuiet., V¢ fureslves tnink thet
rertlieles of duet besring sitzble dimintegrztibn products 2

radon are a pubetertislly more lmvortent etiologieszl fretor than

12 rador Itself, Thie quesilon wlll Le dlwecussed more fully in

arathar work,

Tre wethod worked out 1y us is useiul in sscertrining the
degrees of danger in e worker with open redlum a;perstus, e in
the apnlleation of lumineecent eolors, in redlocbezistry and

other glallar sltuations where persong srs endsngered bty the

e&bsorption of abrermel quentlties of radiosciive meserisle Troo

te ursnius series, higher ther rsedon ir order of éiplntegration,

Professor Herolk end [r. Sehober critlicized tiie work in
the sezinar of the Imstilute and the Clinle for Ceourstional
Pisesges, &8 opponents, Cctobar 1, 1952,

The opponsnts shiowed in thelr rerort thst 1t could not be
correctly assumed, purely on the besisz of the ivans work, thot

45% of the redon produced frow radion Qerosited in the orgenisnm

1a exrelled 1n extaled alr. 'In the dlscuselon it weg grented
that the selected way of estimating abesorted redium in vivo is
poaalbls only now, since previously the apparatus for messuring
geawe radiat?sn hee not been accurate enourn, For rrachtiesl
rurivoees no substantlal objection was rsissd, In the Internetional
Congrees of Roentgenclogy and Nadiology in London 1n 1950, in
setting the maxizal adeigeitle doss of absorted rediu-, it wae
glven out frox gvene' statexest mné deterained nartlr op the
bagle of 0.1 gswsd of absolute radlur, partly on 10°12 qupies
of redon per llter of exhaled sir, which corresmonds to 457 of
the redon produced by €.l gaame of radiuz.

In closing we thank our orronents fvd thoge who took part
in the discussion for thelr corments.

&j it} A 'r{ HWQ‘{ 3
CiiidioolFIED
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Abgtreet

Estizetion of Absorbed Nacdiux in Vivo

kR - W o oo RN
uliller J. and Hougkovs .

A method wae worked eul for the estlmetlion of sbsorbed
»radlum‘iﬁivifo. .Tha zethod desoribed eucceséfully obviates
vﬁha ahdrﬁgﬁuinga of"tﬁe nethods hitherto deecrilted agd wakes
‘ﬁbe ot home-producea arparatuses only. Apsart from estimating
"radanvin thé norral labkoretory atmos: here and in the city
strosphers of Tregue, thie smount of sbsorbed radlus was estl-
5mgted;ig,gn unexposed group, furtkrer in an exposed radlochezist
fénd 1h,avéraup of mlners ianaéhymov. The findings in ihe group
of unaﬁposeﬁ subjects are ecoupared with the &ata in the litera-
iure,’in ihevgz?aeed rediacheaiot tlhe figures ottained were
nfgﬁiflcantly blgher &nc in £ha grotuy of Jéchymo# miners the
fires found 4id not éignifia&ntly differ from thosze found
anongst tb%!unexyoaed. in eonclusion ths significanaé of these

findings is digcuneed .

51 dq 2>

‘Is Bureau of investigations, Jiis $€, 1397, 1932. 2. Gettler
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